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Available online 1 June 2010AbstractOnly two vascular plants,Deschampsia antarcticaDesv. (Poaceae) and Colobanthus quitensisKunth. Bartl. (Caryophyllaceae),
inhabit the Antarctic. To clarify the taxonomic position, phylogeographic origin, genetic heterogeneity, and population dynamics of
D. antarctica, we comparatively analyzed the ITS1 and ITS2 sequences for several populations from two geographically distant
regions of the maritime Antarctic (the South Shetland Islands and the Argentine archipelago). All accessions of D. antarctica
formed a strongly supported clade in the phylogenetic dendrograms constructed. Despite the high degree of sequence similarity at
ITS1eITS2 (97%e100%), the populations of D. antarctica in Tierra del Fuego, Falkland Islands and Antarctic can be discrimi-
nated at the molecular level. Our data indicate that the majority of D. antarctica populations originated from South America.
Different populations may have invaded Antarctic at different times. Genetically distinct plants may coexist within the same or
adjacent populations on Antarctic islands.
 2010 Elsevier B.V. and NIPR. All rights reserved.
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Only two species of vascular plants inhabit the
maritime Antarctic, Deschampsia antarctica Desv.
(Poaceae) and Colobanthus quitensis Kunth. Bartl.
(Caryophyllaceae). The timing and routes of their
invasion of this area remain unknown, as are the
reasons that only these two species have been able to
survive in the Antarctic environment. In contrast,* Corresponding author.
E-mail address: kozeri@gmail.com (I.A. Kozeretska).
1 Roman A. Volkov and Irina A. Kozeretska contributed equally.
1873-9652/$ - see front matter  2010 Elsevier B.V. and NIPR. All rights
doi:10.1016/j.polar.2010.04.011dozens of other species occur in the Subantarctic, and
have still not reached the maritime Antarctic (Lewis
Smith, 2003; Parnikoza et al., 2007).
In view of the limited paleobotanical data available,
molecular methods must be used to describe the pop-
ulation dynamics and to reconstruct the migration
routes of the vascular plants in this region (Mosyakin
et al., 2007; Parnikoza et al., 2007). Until now, the
amplified fragment length polymorphism (AFLP)
technique has mainly been used to assess the genetic
variability between and within populations of
D. antarctica, the dominant species in the Antarctic
(Chwedorzewska et al., 2004). However, an importantreserved.
470 R.A. Volkov et al. / Polar Science 4 (2010) 469e478limitation of this method is its inability to identify the
genomic sequences responsible for the detected
heterogeneity. For this reason, interpreting the results
of AFLP can be complicated. More reliable results are
afforded by sequence comparisons of selected genomic
regions, such as the internal transcribed spacers (ITS1
and ITS2) in the 35S ribosomal DNA (rDNA).
35S rDNA (the nuclear locus encoding 5.8S, 18S, and
25S rRNAs; for review, see Volkov et al., 2004) repre-
sents a class of repeated sequences under the control of
concerted evolution, which is responsible for the high
degree of homogenization between the repeats (Coen
et al., 1982; Dvorak et al., 1987; Barker et al., 1989;
Volkov et al., 1996). The high degree of homogeniza-
tion and the existence of regions that have evolved at
different rates make the 35S rDNA a very attractive tool
for the study of molecular taxonomy, phylogeography,
and population genetics. In particular, comparison of the
rapidly evolving ITS1 and ITS2 has been usedwidely for
taxonomic reconstructions among members of the same
or closely related genera (Baldwin, 1992; Grebenstein
et al., 1998; Jobst et al., 1998; Grimm et al., 2005).
To clarify the phylogeographic origin, genetic
heterogeneity, and population dynamics of
D. antarctica in the present study, we have compara-
tively analyzed ITS1 and ITS2 in several populations
of D. antarctica from two geographically distant
regions of the maritime Antarctic.
2. Materials and methods
2.1. Plant material and DNA isolation
The D. antarctica plant material was collected by Dr
V. P. Polischuk and Dr I. A. Kozeretska during the 9th
and 10th Ukrainian Antarctic Expedition (2005) and the
30th Polish Expedition (2006) from 13 locations in
the Maritime Antarctic (Fig. 1, Table 1). The DNAwas
extracted from the pooled fresh leaves of the plants from
individual tufts of D. antarctica using a modified
cetavlon method (Rogers and Bendich, 1985).
2.2. PCR amplification, cloning, and sequencing
The genomic region containing ITS1, the 5.8S
rRNA coding sequence, and ITS2 of 35S rDNA (i.e.,
ITS1eITS2) was amplified by PCR using the primers
ITS4 (50-TCCTCCGCTTATTGATATGC-30) and ITS5
(50-GGAAGTAAAAGTCGTAACAAGG-30). These
primers are specific to the 30 and 50 terminal regions of
the 18S and 25S rRNA genes, respectively, and are
universally applicable to monocots (White et al.,1990). The PCR was performed in a 20 mL reaction
mixture containing 1  PCR buffer with 1.5 mM
MgCl2 (Medbioservice, Kyiv, Ukraine), 0.2 mM each
dNTP (Fermentas, Lithuania), 1 U Taq DNA poly-
merase (Amplisens, Russia), 0.25 mM each primer,
and 20 ng of plant DNA. Amplification was performed
in a Tertsyk thermocycler (DNA-Technology, Russia)
with the following program: initial template denatur-
ation at 95 C/3 min; three cycles of 95 C/30 s, 54 C/
30 s, 72 C/1 min; then 25 cycles of 94 C/20 s, 55 C/
20 s, 72 C/40 s; with a final elongation at 72 C/5 min.
The PCR products were separated on 2% agarose
gel containing 1  TBE buffer and ethidium bromide.
The sizes of the PCR fragments were determined using
the molecular weight marker O’GeneRuler 100 bp Plus
DNA Ladder (Fermentas). The amplification products
were extracted from the gel using a DNA Gel Extrac-
tion Kit (Fermentas), cloned into the vector pBluescript
II SK (þ) (Fermentas), and sequenced using the fmol
DNA Cycle Sequencing System (Promega, USA) on an
automated ABI PRISM 3100-Avant sequencer.
2.3. Sequence data analysis and phylogenetic
reconstruction
A database search was performed in GenBank at the
National Center of Biotechnology Information server
(http://www.ncbi.nlm.nih.gov) with Entrez, BLAST
(Altschul et al., 1997). When the ITS1eITS2 region of
D. antarctica was used as the query, numerous
sequences with high sequence similarity were identi-
fied. Sequences of Deschampsia species and repre-
sentatives of several other genera with at least 92%
sequence similarity to the ITS1eITS2 region of D.
antarctica were selected for further analysis and
dendrogram construction (Table 1). Secale cereale L.
and Bambusa sinospinosa McClure were also included
in the analysis as outgroup species. The sequences
were aligned with the ClustalW method (Higgins and
Sharp, 1989) in the MegAlign software (DNASTAR,
1998), and improved manually.
Maximum parsimony (MP) and neighbor-joining
(NJ) minimal distance dendrograms were generated
with PAUP, version 4.0b10 (Swofford, 2002). The MP
dendrograms were produced specifying B. sinospinosa
as the reference taxon, using a heuristic search the
“simple” or “random” stepwise addition and tree
bisectionereconnection branch swapping. Zero-length
branches were collapsed. All characters had equal
weight. Gaps were treated as “missing”. To produce
the NJ dendrograms, the distance measure option was
specified as (i) uncorrected (or p-distance), (ii)
Fig. 1. A map of the distributions of the studied metapopulations of D. antarctica in the maritime Antarctic. A. King George Island (South
Shetland Islands): A1. Point Thomas Oasis; A2. Ferraz ice-free area. B. Argentine Islands region.
471R.A. Volkov et al. / Polar Science 4 (2010) 469e478Felsenstein (1984), or (iii) Tamura and Nei (1993).
Statistical node support was established with
nonparametric bootstrapping (BS; Felsenstein, 1985)
under NJ and MP with PAUP. Bootstrap values were
obtained with 1000 replications.
3. Results and discussion
3.1. Taxonomic position of D. antarctica
In our cloning experiments, we isolated 13 clones
containing ITS1, the 5.8S rRNA coding region, and
ITS2 of the 35S rDNA of D. antarctica. The clones
represented seven metapopulations of the species from
Antarctic (Table 1). The clone ANT-6 demonstrated
a highly increased rate of base substitution compared
with those of the other clones (data not shown) and is
probably a pseudogene. Therefore, clone ANT-6 was
excluded from further analysis.
In GenBank, we also identified four accessions of
ITS1eITS2 from D. antarctica collected in Tierra del
Fuego, Falkland Islands and King George Island and
numerous accessions of related grass species, some of
which were selected for further analysis (Table 1).
Sequence comparisons showed that in D. antarctica,ITS1 and ITS2 are of nearly equal size (217 and 215 bp,
respectively). Both spacer regions are also almost of the
same length in the other species studied, except for the
outgroup B. sinospinosa, in which ITS1 is 228 bp and
ITS2 is 268 bp, the result of several short insertions.
To determine the taxonomic position of D. antarctica,
we constructed NJ and MP phylogenetic dendrograms
(Fig. 2), which only differed in the positions of several
terminal taxa and the bootstrap support of some nodes,
depending on the criteria applied. Generally, three major
clades were distinguished. Clade 1 included all the
Deschampsia species, whereas clades 2 and 3 contained
closely related species ofothergenera.Clades 1 and2were
strongly and clade 3 only weakly supported by bootstrap
analysis. Two species, Avenula aetolica (Rech. f.) Holub.
and Avenella flexuosa L., were not included in any of the
three clades. Our results are largely consistent with the
taxonomyof thegroupproposed bySouto et al. (2006), but
the position of the Agrostis/Avena clade as the closest
relative ofDeschampsia is not fully supported by our data.
Clade 1 contains two strongly supported subclades,
11 and 12. Subclade 11 comprises all accessions of D.
antarctica, which appear as monophyletic group 11A,
and several other Deschampsia species, which are
combined in the sister clade 11B. Remarkably, D.
Table 1
List of plant material and ITS1eITS2 sequences used for analysis.
Species Geographic location Sequence
Acc. No.
Abb viation Sequence
source
Agrostis muscosa New Zealand AY705884 Gardner et al., 2004 (direct submission)
Agrostis personata New Zealand AY705881 Gardner et al., 2004 (direct submission)
Avenella flexuosa (Deschampsia flexuosa) e AY237846 Brysting et al., 2004
Avenula aetolica Greece EU792329 Gillespie et al., 2008
Bambusa sinospinosa e DQ131515 Yang et al., 2008
Deschampsia antarctica 1 Rasmussen Cape, Antarctic Peninsula 65140 S, 64050 W GU181211 ANT This study
D. antarctica 2 Galindez Island, Argentine Islands 65140 S, 64140 W GU181209 ANT This study
D. antarctica 4 Yalour Islands, Penola Strait 65140 S, 64090 W GU181219 ANT This study
D. antarctica 5 Yalour Islands, Penola Strait 65140 S, 64090 W GU181220 ANT This study
D. antarctica 8 Petermann Island, Penola Strait 65100 S, 64080 W GU181210 ANT This study
D. antarctica 9 Uruguay Island, Argentine Islands 65130 S, 64130 W GU181212 ANT This study
D. antarctica 10 King George Island, South Shetland Islands 62090 S, 58270 W GU181213 ANT 0 This study
D. antarctica 11 King George Island, South Shetland Islands 62090 S, 58270 W GU181214 ANT 1 This study
D. antarctica 12 King George Island, South Shetland Islands 62090 S, 58270 W GU181215 ANT 2 This study
D. antarctica 13 King George Island, South Shetland Islands 62100 S, 58270 W GU181216 ANT 3 This study
D. antarctica 14 King George Island, South Shetland Islands 62090 S, 58270 W GU181217 ANT 4 This study
D. antarctica 15 King George Island, South Shetland Islands 62040 S, 58230 W GU181218 ANT 5 This study
D. antarctica A Falkland Islands: Stanley Harbor AM041213 ANT Chiapella 2007
D. antarctica B Argentina: Tierra del Fuego, Estancia Maria Cristina AM041214 ANT Chiapella 2007
D. antarctica C King George Island, South Shetland Islands, 6214018” S, 58400 W AF521900 ANT Corach, D.
D. antarctica D Argentina: Tierra del Fuego, Turbera Terra Australis AM041215 ANT Chiapella 2007
D. brevifolia Canada EU792328 BRE Gillespie et al., 2008
D. cespitosa Argentina: Rio Negro, Estancia El Condor AM041225 CES Chiapella 2007
D. cespitosa var. alpina e AY237845 CE-A Brysting et al., 2004
D. cespitosa subsp. borealis
(D. sukatschewii subsp. borealis)
e AY237844 CE-B Brysting et al., 2004
D. chapmanii A New Zealand AY752476 CHA A Gardner et al., 2004
(direct submission)
D. chapmanii B New Zealand: Eyre Mts, George Burn AM041226 CHA B Chiapella 2007
D. danthonioides Chile: O’Higgins, Termas de Cauquenes AM041229 DAN Chiapella 2007
D. elongata Argentina: Rio Negro, Lago Mascardi AM041230 ELO Chiapella 2007
D. kingii A Argentina: Tierra del Fuego, Parque Nacional Tierra del Fuego AM041235 KIN Chiapella 2007
D. kingii B Argentina: Tierra del Fuego, Estancia Ushuaia AM041236 KIN Chiapella 2007
D. laxa Chile: Palena, Pampa Pichanco AM041238 LAX Chiapella 2007
D. mejlandii Saint Helena: Tristan da Cunha, Green Hill AM041239 MEJ Chiapella 2007
D. patula Argentina: Santa Cruz, Estancia Punta Alta AM041241 PAT Chiapella 2007
D. setacea Norway: Vest-Agder, Farsund AM041243 SET Chiapella 2007
D. tenella A New Zealand AY752475 TEN Gardner et al., 2004
(direct submission)
D. tenella B New Zealand: Southland, Upper Wanganui AM041244 TEN Chiapella 2007
D. venustula Argentina: Santa Cruz, Lago Argentino AM041245 VEN Chiapella 2007
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473R.A. Volkov et al. / Polar Science 4 (2010) 469e478venustula Parodi is clearly placed among the acces-
sions of D. antarctica (Fig. 2). All D. antarctica and D.
venustula accessions are closely related: the degree of
sequence similarity in the group amounts to 98%e
100%, whereas their sequence similarity to other
Deschampsia species is 97% or less. Recently, using the
sequences of three samples of D. antarctica from Tierra
del Fuego and Falkland Islands (ANT-A, -B, and -D; see
Table 1), Chiapella (2007) demonstrated that D. venus-
tula is a sister species of D. antarctica. However, our
analysis based on a comparison of 13 ITS1eITS2
sequences of D. antarctica shows that these two species
are indistinguishable. Therefore, the taxonomic status of
D. venustula should be reconsidered.3.2. Molecular evolution of ITS1eITS2 in the genus
Deschampsia
Because only a limited number of mutations in the
sequences studied discriminate species and populations
of Deschampsia, it was possible to reconstruct the
pattern of molecular changes in ITS1eITS2 that have
occurred during the evolution of the modern species
(Fig. 3). We found that in ITS1, 21 nucleotides are
polymorphic and, according to the proposed model, 24
base substitutions occurred after the divergence of
clade 1 from its sister groups. Remarkably, 15 of these
mutations represent transitions, 13 C/T and two
G/A. In ITS2, 12 nucleotides are polymorphic, and
seven of these 12 mutations are transitions, five C/T
and two G/A. Taking into account that ITS1 and
ITS2 are of the same length (see above), our data
demonstrate that the rate of mutation accumulation has
been two times higher in ITS1 than in ITS2.
In both ITS1 and ITS2, about 60% of the base
substitutions are transitions (C/Tor G/A). It is well
known that the C/T transition results from the
deamination of 50-methyl-cytosine, whereas the G/A
transition results from the same process on the
complementary DNA strand. Our data showing
increased levels of C/T and G/A transitions in
ITS1eITS2 agree well with existing information about
the very high levels of cytosine methylation in 35S
rDNA (Volkov et al., 2004). Interestingly, the
frequency of the C/T transition is 4e5 times higher
than that of the G/A transition. This could possibly
be explained by the asymmetric methylation of the
sense and antisense strands of 35S rDNA.
It is well known that AT pairs are less stable then GC
pairs. Therefore, it is tempting to speculate that the
accumulation of AT pairs in ITS1eITS2 facilitates the
Fig. 2. Dendrograms derived from ITS1eITS2 sequence comparisons of Deschampsia and related Poaceae species. The majority rule (50%)
consensus trees were constructed (i) by the neighbor-joining method with uncorrected distance measures (NJ cladogram), or (ii) by the maximum
parsimony heuristic method, with gaps treated as “missing”, “random” stepwise addition, and tree bisectionereconnection branch swapping (MP
cladogram). Values near the nodes indicate bootstrap support of >50% for the corresponding branching points. Abbreviations of the species and
clone names are shown in Table 1.
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Fig. 3. Reconstruction of base substitutions that have occurred during the evolution of ITS1 and ITS2 in Deschampsia. Only polymorphic
nucleotides are shown. Transversion A81T in ITS2, which discriminates between the populations of D. antarctica from Tierra del Fuego, Falkland
Islands and Antarctic, is marked with an asterisk.
475R.A. Volkov et al. / Polar Science 4 (2010) 469e478separation of the DNA strands (“melting”) during
replication or transcription at low temperatures, which
may be of benefit in Antarctic. This idea is further sup-
ported by our calculations that the GC contents of ITS1
and ITS2 of D. antarctica are 60.4%e61.3% and
63.7%e64.7%, respectively, which are clearly lower
than those of ITS1 and ITS2 in the subtropical outgroup
species B. sinospinosa (69.8% and 76.3%, respectively).3.3. Genetic diversity and origin of D. antarctica in
Antarctic
Comparison of the obtained sequences shows that
the degree of sequence similarity between populations
of D. antarctica in Argentina and Antarctica ranges
from 97 to 100% for ITS1 (with the exception of
95e96% for ANT-15) and from 98 to 100% for ITS2.
476 R.A. Volkov et al. / Polar Science 4 (2010) 469e478Hence, all these populations are closely related.
Similarly, a low level of genetic diversity (15.95%) has
been found between populations of D. antarctica from
Signy (northern Maritime Antarctic) and Lyon (south)
islands applying AFLP, in spite of the significant
geographical distance of 1350 km between these
locations (Holderegger et al., 2003) Later, similar
results were obtained for two morphologically distinct
populations from King George Island (Chwedorzewska
et al., 2004).
The only known study of ITS heterogeneity in
Antarctic plants examined C. quitensis, and showed
that although the distance separating the populations
exceeded 3300 km, the difference between their ITS
nucleotide sequences was as low as 1.17% (Gianoli
et al., 2004). A comparison with the data available in
GenBank has also shown that the sequences of some of
these samples are very similar (99.8%) to those of
plants from Tierra del Fuego.
Nevertheless, in spite of the high degree of sequence
similarity of ITS1-ITS2, the populations of D.
antarctica can be discriminated at the molecular level.
According to the position in NJ-cladograms (Fig. 2A),
four groups possessing four different structural variants
of ITS1-ITS2 can be distinguished: (1) the ANT-A, -B,
-C, and -D from Tierra del Fuego, Falkland Islands; (2)
the majority of accessions from Antarctic; (3) three
accessions from Antarctic, ANT-4, -9, and -14, which
are combined in a cluster; (4) ANT-15 from Antarctic,
which occupies an isolated position on dendrograms.
The groups 1 and 2 are not resolved on MP-cladograms
(Fig. 2B).
Populations of groups 1 and 2 demonstrate the
highest degree of similarity. They have identical
sequences of ITS1 and differ only in one transversion
A/T at the position 81 bp of the ITS2 (marked with
an asterisk on Fig. 3). In this position, nucleotide A is
present in all populations of D. antarctica from Tierra
del Fuego, Falkland Islands and also in all other
species included in the clades 1, 2 and 3 (Fig. 2).
Hence, the transversion A81T in ITS2 represents an
evolutionary event that occurred after separation of D.
antarctica populations from Tierra del Fuego, Falkland
Islands (group 1) and Antarctic (groups 2 and 3).
Therefore, it seems reasonable to claim that the
analyzed Antarctic populations derive from South
America.
Populations ANT-4, -9, and -14 of group 3 contain
one novel evolutionary G/T transversion in ITS1 and
one novel G/A transition in ITS2 (Fig. 3). They
obviously share a common origin in the populations of
group 2 (Fig. 3).Population ANT-15 has a unique ITS1 variant,
which differs by eight base substitutions from the ITS1
variant found in the populations of groups 1 and 2
(Fig. 3). However, notwithstanding this significant
genetic difference, ANT-15 occurs in the D. antarctica
clade with high bootstrap support (Fig. 2). Our data
together show that ANT-15 probably represents an
independent evolutionary lineage within D. antarctica.
Surprisingly, despite its independent origin, ANT-15
contains the A81T transversion in ITS2 that also
occurs in the Antarctic populations of groups 2 and 3.
To explain this fact, two possibilities must be consid-
ered. First, the A81T transversion in ANT-15 may have
appeared independently. However, as discussed above,
transversions have been relatively rare in the evolution
of D. antarctica ITS2. Therefore, it is highly unlikely
that the same mutation occurred twice at the same
position. The second possibility is that the A81T
transversion occurred only once and was later intro-
duced into the genomes of different D. antarctica
lineages through sexual crossing accompanied by
interchromosomal conversion. This mechanism has
already been described in the 35S rDNA of several
plant hybrids (Volkov et al., 1999; for review, see
Volkov et al., 2007).
At present, opinions differ on the timing of the
colonization of the maritime Antarctic by modern plant
species. Their Holocene migration has so far been the
more popular hypothesis, whereas their survival in
Antarctic refuges during the last glacial maximum has
also been suggested (Mosyakin et al., 2007; Parnikoza
et al., 2007). Our comparative study of ITS1eITS2
shows that at least three different groups ofD. antarctica
are currently present in the Antarctic. Themajority ofD.
antarctica populations (group 2) seem to have originated
in South America because they differ from the samples
from Tierra del Fuego and Falkland Islands (group 1) by
only one mutation in ITS2. Moreover, three Antarctic
populations (group 3) contain an evolutionarily novel
ITS variant that originated in group 2, but it remains
unclear if the corresponding mutation appeared before
or after their immigration to theAntarctic. Finally, ANT-
15, which contains an ITS variant of independent origin,
was found on King George Island. This unique form
probably originated from an independent immigration
event.
3.4. Genetic heterogeneity in populations of
D. antarctica
In our experiments, we analyzed several populations
of D. antarctica from two geographic regions
477R.A. Volkov et al. / Polar Science 4 (2010) 469e478separated by 500 km (Table 1). Our results show that in
both regions, D. antarctica plants of different genetic
origins are present. The evolutionarily ancestral ITS
variant 2 (specific for the group 2 on dendrograms) and
a derived variant 3 (specific for ANT-4, -9, -14 e see
Fig. 2) were found at both locations, whereas the most
divergent variant ANT-15 was only detected on King
George Island (Table 1). Therefore, our results
demonstrate that genetically distinct plants can coexist
within the same or adjacent populations on Antarctic
islands. A similar observation has recently been made
by Van de Wouw et al. (2007) based on chloroplastic
DNA. Specifically, the analysis of the geographic
distribution of chloroplast DNA haplotypes revealed
that haplotype C, unique to the Orkney Islands, is
present within the zone occupied by haplotype A.
The occurrence of different ITS variants in the same
population suggests that the homogenization of 35S
rDNA may be low in D. antarctica. This may be
related to their propagation strategy, because it is
known that self-pollination, apomixis, and vegetative
propagation can conserve the intergenomic heteroge-
neity of 35S rDNA, whereas outcrossing is believed to
promote homogenization. Self-pollination and vegeta-
tive propagation are also considered typical of D.
antarctica. However, at the moment, it is not possible
to discuss the reasons for the 35S rDNA heterogeneity
in D. antarctica, because our information about this
Antarctic plant is limited.
For a long time, a low level of genetic variability was
assumed for plant species in the Arctic region (Mosquin,
1966). However, on the contrary, high genetic diversity
has now been identified in many Arctic plants (Jefferies
and Gottlieb, 1983; Gabrielsen and Brochmann, 1998;
Brochmann and Steen, 1999; Stenstro¨m et al., 2001).
Random amplification of polymorphic DNA (RAPD)-
based studies of populations of D. cespitosa (a species
closely related to D. antarctica) from around Lake
Ontario (Canada) has also revealed high inter- and
intrapopulation levels of genetic heterogeneity
(Nkongolo et al., 2001). About 90% of the amplified
PCR fragments were polymorphic. Overall, 72% of this
heterogeneity was ascribed to individual variability
within the populations. In contrast, investigations of
Antarctic and South American metapopulations of D.
antarctica have shown low genetic diversity
(Holderegger et al., 2003; Chwedorzewska et al., 2004;
Van de Wouw et al., 2007), which may be explained
by (i) the recent invasion of the region by this species; (ii)
scanty plant sampling; and/or (iii) the inappropriate
choice of molecular markers, which are insufficiently
informative for D. antarctica.Regardless of this generally low genetic heteroge-
neity, several sequence variants have been identified in
modern populations of D. antarctica in our study and
that of Van de Wouw et al. (2007). The data agree well
with the proposal that D. antarctica colonized the
Antarctic in several independent events, from several
different populations. Secondary migration has also
contributed to the current distribution of the species.
The exact timing and routes of D. antarctica migration
to Antarctica require further investigation using more
appropriate molecular markers and extensive sampling
of additional populations.
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